I . Pigs consuming a diet containing 300 g linseed meal/kg and a pyridoxine supplement showed greater growth, nitrogen retention, blood packed cell volume and haemoglobin than those receiving only the basal diet.
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H. N. BISHARA AND H. F. WALKER I977 experiments are described in which pigs and rats were fed on a diet containing 300 g linseed meal/kg, and tests were carried out to assess the vitamin B, status of both species.
E X P E R I M E N T A L
Animals and diets Pigs. Four castrated male Large White litter-mates, 13 weeks old and weighing z45-z7*5 kg, were housed in metabolism cages designed for the separate collection of faeces and urine. They were given the diet shown in Table I , The diet was considered to meet the requirements suggested by the Agricultural Research Council (1967) with the possible exception of vitamin B,; iodine was included to counteract any goitrogenic effect of the linseed meal. The composition of the diet as found by chemical analysis is shown in Table I .
Rats. Twelve Hooded male rats of the Rowett Research Institute strain (Rowett Research Institute, Bucksburn, Aberdeen), aged 20 d and weighing 35-40 g, were caged individually. Six were selected at random and given the 'pig' diet supplemented with IOO mg a-tocopherol and 9.4 g sodium chloride/kg diet to increase the sodium level to that suggested by Cuthbertson (1957); the remaining six rats were given the same diet with additional pyridoxine hydrochloride at the rate of 7 mg/kg Vol. 37
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Experimental procedure
Pigs. The pigs were fed once daily on dry feed; after 1.5 h the food trough was removed and water was provided. This procedure was adopted to minimize possible synthesis of vitamin B, by fermentation and to avoid contamination of faeces and urine with food.
The pigs in metabolism cages were maintained in a temperature-controlled room at 20-25' during the 8-week experiment, the first 2 weeks of which was a period of adjustment. Two pigs received the basal diet alone and two pigs received the same diet with a supplement of pyridoxine hydrochloride (70 mg/week, given in two equal doses); the pyridoxine solution was added to a small amount of the diet which was consumed before the remainder was fed. After 5 weeks the supplement was increased to IOO mg/week. Live weight and food and water consumption were recorded throughout the experiment; faeces and urine were collected and measured for the determination of digestibility of dry matter (DM) from day 46 to day 56, protein efficiency ratio (weight gain:protein intake; PER) during the last 35 d of the experiment, nitrogen balance from day 51 to day 56 and tryptophan-metabolite excretion. Blood samples were taken at weekly intervals from the anterior vena cava.
Rats.
Measurements of live weight, food consumption, food refusals and N balance were made during the last 30 d of the experiment; water was given ad lib.
Estimations of the PER of the pig diet were made using rats by the method of 
Analytical methods
Faeces and urine samples were stored at -20' before analysis. DM Rats. After 36 d on the diets, tryptophan-load tests were undertaken and the rats were transferred to all-glass individual metabolism cages. After 24 h-urine samples had been collected, 1.0 mg L-tryptophan/g body-weight was given in a small amount of diet which was followed by the remainder of the diet and a further 24 h-urine sample was collected. In order to obtain sufficient volume for analysis, the urine samples were pooled in pairs at random. 
Statistical analysis
Student's t test was used to test the significance of the differences between mean values of non-pyridoxine-supplemented (NPS) and pyridoxine-supplemented (PS) groups of animals.
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Vitamin B, dejiciency in pigs 325 Table 2 . Digestibility of the DM was slightly better than an estimated value obtained from published results : certainly no reduction in digestibility was apparent.
Growth rate, shown in Table 3 , was slower than is normal for young growing pigs. During the last 5 weeks of the experiment the mean daily live-weight gain was 392 g and 186 g respectively for the PS and NPS groups.
The results of the 5 d N balance and the digestibility of N for pigs are shown in Table 2 . The N retained by the NPS pigs was significantly less (P < 0.01) than that retained by the PS pigs.
PER values obtained from the rats are shown in Table 3 . The difference between the two groups was not statistically significant. PER values were significantly lower (P < 0-05) for the NPS pigs than for the PS pigs.
Weekly estimations of PCV and blood haemoglobin in pigs are shown in Figs I and 2 respectively. Both sets of results show that values for the NPS pigs tended to decrease relative to those for the PS group.
Weekly measurements of aspartate aminotransferase and alanine aminotransferase activity in the serum of pigs showed values within the ranges 2-15 m units/ml and 3-17 m units/ml respectively. The results showed little consistent trend, though in the last sample taken the NPS pigs had lower values for both enzymes than the PS group.
( P < 0.01). * For details, see Table I Table I .
Vitamin B, dejciency in pigs The amounts of XA and KA excreted by the rats during the 24 h urinary collection, before and after tryptophan loading, are shown in Table 4 . There was an increase in the excretion of both metabolites after tryptophan loading, but the difference in increased excretion between NPS and PS rats was not statistically significant.
The amounts of tryptophan metabolites in the 24 h urinary collection, before and after administering 1.0 g L-tryptophan to each pig on two occasions, are shown in Table 5 . On the first occasion after tryptophan loading, the NPS group of pigs had a greater increase in excretion of XA than the PS group; this increase was highly significant (P < 0.01). There were no significant differences between the two treatments for the increases in AAG, oAH, AcKY or KY. On the second occasion the increase in XA excretion of the NPS group was again significantly greater than that for the PS group ( P < 0.02). The NPS pigs had a greater excretion of KY than the 328 H. N. BISHARA AND H. F. WALKER I977 For XA, the increase after tryptophan-loading was statistically significantly greater for NPS pigs than for PS pigs: 1st test P < 0.01, 2nd test P < 0.02; for Ky, the increase after tryptophan-loading was statistically significantly greater for NPS pigs than for PS pigs: and test P < 0.05.
AAG, anthranilic acid glucuronide; oAH, o-aminohippuric acid; AcKy, N"-acetylkynurenine; Ky, kynurenine; XA, xanthurenic acid. * For details, see Table I . t For details of experimental procedures, see p. 324. PS pigs; this effect was significant (P < 0.05). There were increases in excretion of AAG, oAH and AcKy on the second occasion, which showed no significant difference between the two treatments.
D I S C U S S I O N
Although nutritive failures occurred when a diet containing 300 g linseed meal/kg was fed by Kratzer (1946) and Kratzer, Williams, Marshall & Davis (1954) to chicks and by Tjostem et al. (1963) to rats, the pigs and rats used in our study did not respond in a comparable manner since neither species showed clinical signs of vitamin B, deficiency.
The reasons for the differences in results are not clear, but differences in the vitamin B, content of the ration and in the amount of antagonist present would contribute to the severity of deficiency. The difference between the present result for rats and pigs consuming the same diet may be in part caused by two factors. The rejection of larger particles of linseed meal by the rats caused a lower intake of the vitamin B, antagonist. The vitamin B, A further possible reason for differences in results between groups of workers is that linseed meals may differ in their content of linatine; a range of 20-IOO mg linatine/ kg linseed meal has been reported by Mickelson & Yang (1966) and Klosterman et al.
The apparent digestibility of DM and N of the 'pig' diet showed little difference between the PS and NPS groups of pigs. As vitamin B, is required for amino acid absorption from the intestine, and its subsequent metabolism and incorporation into haemoglobin and proteins (see Holtz & Palm, 1964; Sauberlich, 1968) , a deficiency might have influenced these processes. Moustgaard (1952) showed that vitamin B,-deficient pigs were unable to utilize dietary protein efficiently. The greater N balance with the PS pigs than with the NPS pigs may be attributable partly to the greater food consumption and N intake by the former group, and also to decreased urinary excretion. The known role of vitamin B, in amino acid metabolism together with evidence of more efficient metabolism of tryptophan by the PS pigs (see Table 5 The haemoglobin values of the NPS group decreased to levels lower than those of the PS group towards the end of the experimental period, and were slightly higher than values obtained by Harmon, Miller, Hoefer (1958) and not by the colorimetric method used in our laboratory for pig urine; XA results by the former method are lower than those obtained by the latter method. The difference in animals, diet and experimental conditions may have contributed to the differences in excretion of metabolites.
Sauberlich (1968) reviewed tryptophan metabolism in vitamin €&-deficient animals and in man, and noted that an increase in XA excretion was a regular feature, even though an enzyme required for its formation contains pyridoxal phosphate. The explanation may be that in vitamin B,-deficient rats the decrease in activity of kynureninase (EC 3 . 7 . I . 3) in tissue is greater than that of kynurenine transaminase (EC 2 . 6 . I .7) (Henderson, Gholson & Dalgleish, 1962; Ogasawara, Hagino & Kotake, 1962) , which accepts both Ky and 3-OH-Ky as substrates (Allegri & de Antoni, Consequently the conversions of 3-hydroxykynurenine (3-OH-Ky) to 3-hydroxyanthranilic acid and of Ky to anthranilic acid are more seriously impaired than the conversion of 3-OH-Ky to XA. However, in severe vitamin B, deficiency the 3-OH-Ky transaminase activity is also reduced, with a consequent decrease in XA production. Although results from rats cannot be applied to pigs with certainty, the lower levels of anthranilic acid metabolism (AAG and oAH) and high levels of Ky +AcKy of our NPS pigs, compared with the results of Self et al. (1960) , may suggest an impaired kynureninase activity and vitamin B, status of our pigs nos. 3 and 4 (NPS group). The increase in XA shown by the NPS pigs during the second tryptophan-load test was comparable to the levels found in the urine of tryptophan-dosed pigs on inadequate levels of vitamin B, by Moustgaard (1952) Miller et al. (1957) and Harmon et al. (1963) . The latter group of workers obtained a threefold increase in XA excretion before and after the tryptophan loading of vitamin B,-deficient pigs.
The results of this study suggest that the diet with 300 g linseed meal/kg induced some extent of biochemical abnormality in the pigs which amounted to a marginal vitamin B6 deficiency.
